a2 United States Patent

Katsumata et al.

US009283633B2

US 9,283,633 B2
Mar. 15, 2016

(10) Patent No.:
(45) Date of Patent:

(54) HEAT EXCHANGER TUBE PRECURSOR AND
METHOD OF PRODUCING THE SAME

(71) Applicant: Mitsubishi Aluminum Co., Litd.,
Minato-ku (JP)

(72) Inventors: Masaya Katsumata, Susono (JP);
Yasunori Hyogo, Izu (JP)

(73) Assignee: Mitsubishi Aluminum Co. Ltd.,
Minato-ku (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 54 days.

(21) Appl. No.: 14/142,371

(22) Filed: Dec. 27,2013
(65) Prior Publication Data
US 2014/0186560 A1l Jul. 3, 2014

Related U.S. Application Data

(63) Continuation-in-part of application No. 12/690,685,
filed on Jan. 20, 2010, now Pat. No. 8,640,766, which
is a continuation-in-part of application No.
11/218,595, filed on Sep. 6, 2005, now abandoned,
which is a continuation of application No. 10/823,563,
filed on Apr. 14, 2004, now abandoned.

(30) Foreign Application Priority Data
May 6,2003  (JP) .coevviveeeciecreecnne 2003-128170

(51) Imt.ClL

B23K 35/363 (2006.01)

B23K 1/00 (2006.01)

B23K 1/008 (2006.01)

(Continued)

(52) US.CL

CPC ..o B23K 1/0012 (2013.01); B23K 1/008

(2013.01); B23K 1/012 (2013.01); B23K 1203

(2013.01); B23K 35/3603 (2013.01); F28F
19/02 (2013.01); F28F 19/06 (2013.01); F28F
21/084 (2013.01); B23K 35/286 (2013.01);
B23K 35/3605 (2013.01); B23K 2201/06
(2013.01); B23K 2201/14 (2013.01):

(Continued)

(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2/1987 Haramaki et al.
3/1990 Fujiyoshi

(Continued)

4,645,119 A
4,906,307 A

FOREIGN PATENT DOCUMENTS

DE 19744 734 Al 4/1999
DE 10 2008 009 695 Al 9/2008
(Continued)
OTHER PUBLICATIONS

INFORM White Paper entitled “A Basic Guide to Particle Charac-
terization”, found at:  http://golik.co.il/Data/ ABasicGuidto-
ParticleCharacterization(2)__1962085150.pdf.*

(Continued)

Primary Examiner — Allen Flanigan
(74) Attorney, Agent, or Firm — Oblon, McClelland, Maier
& Neustadt, L.L.P.

(57) ABSTRACT

A heat exchanger tube precursor that allows manufacturing a
heat exchanger having high corrosion resistance after brazing
treatment is provided. The heat exchanger tube precursor
includes: an Al alloy tube; and a flux layer including a Si
powder, a Zn-containing flux, a Zn-free flux, and a binder, the
flux layer being formed on an outer surface of the Al alloy
tube.

7 Claims, 2 Drawing Sheets




US 9,283,633 B2

Page 2
(51) Int.ClL WO 00/38874 Al  7/2000
WO WO 00/38874 7/2000
g;;g ;;222 888288 WO WO 2011/090059 7/2011
B23K 35/36 (2006.01) OTHER PUBLICATIONS
F28F 19/02 (2006.01)
F28F 19/06 (2006.01) “Aluminum—Magnesium—Silicon (6000) Alloys”, ¢. 2001-2003
F28F 21/08 (2006.01) Article 74 from the Key-to-Metals.com website, found at: http://
B23K 35/28 (2006.01) www.key-to-metals.com/Article74 htm.
(52) US.CL J.R. Davis, “Aluminum and Aluminum Alloys”, Table from the third
CPC ....... B23K 2201/34 (201301) B23K 2203/]0 edition of ASM Specialty Handbook, ASM International, 1993, Pp.
(2013.01); F28F 2255/16 (2013.01); yjor ~ -2and Ll _ e .
428/13 (2015.01) Ed. J. Morley, “Cladless Brazing of Aluminum”, 2" International
’ Congress Aluminum Brazing, May 15-17, 2002, pp. 1-2 (cover
(56) References Cited page).

U.S. PATENT DOCUMENTS

4,991,647 A 2/1991 Kawabe et al.
5,232,788 A 8/1993 Timsit et al.
5,418,072 A 5/1995 Baldantoni et al.
5,544,698 A 8/1996 Paulman
5,771,962 A 6/1998 Evans et al.
5,785,770 A 7/1998 Meshri et al.
6,132,532 A 10/2000 Shepelev et al.
6,153,021 A 11/2000 Suzuki et al.
6,234,377 Bl 5/2001 Teshima et al.
6,352,789 Bl 3/2002 Hurd et al.
6,432,221 Bl 8/2002 Seseke-Koyro et al.

6,648,214 Bl 1 11/2003 Sucke
6,753,094 Bl 6/2004 Wittebrood
2003/0051342 Al 3/2003 Hasegawa et al.
2005/0006065 Al 1/2005 Katsumata et al.
2006/0000586 Al 1/2006 Katsumata et al.

2008/0047683 Al 2/2008 Takahashi
2009/0233118 Al 9/2009 Katoh et al.
2010/0051247 Al 3/2010 Sogabe et al.
2010/0116472 Alt 5/2010 Katsumata

FOREIGN PATENT DOCUMENTS

EP 0847 830 A2 6/1998
EP 1287934 Al 3/2003
EP 1475 598 11/2004
EP 1475598 A2 11/2004
EP 1533070 Al 5/2005
JP 61-293699 12/1986
JP 1-225736 9/1989
JP 5-25576 2/1993
JP 7-227695 8/1995
JP 7-303858 11/1995
JP 8-52565 A 2/1996
JP HO08-52565 A 1 2/1996
JP 10-34375 2/1998
JP H10-34375 2/1998
JP 11-335764 12/1999
JP 11-347783 12/1999
JP 2000-63970 2/2000
JP 3160099 4/2001
JP 3212927 9/2001
JP 2002-079370 3/2002
JP 2002-79370 3/2002
JP 2003-94165 4/2003
JP 2003-94165 A 4/2003
JP 2004-330233 11/2004
JP 2006-255755 9/2006
JP 2006-255755 A T 9/2006
JP 2006-307292 11/2006
JP 2007-260733 A { 10/2007
JP 2007-275898 10/2007
JP 2008-6480 1/2008
JP 2009-106947 5/2009
JP 2009/106947 A 5/2009
JP 2009-106947 A 5/2009
JP 2009-184017 8/2009
JP 2011-136358 A 7/2011
WO WO 93/15871 8/1993

Submission by the Opponents, Erbsloh Aluminium GmbH and Valeo
Systeme Thermiques, filed against the Response by the Patentee,
Mitsubishi Aluminium Co., Ltd., in European Patent Application No.
04009965.7/EP 1475598, filed Apr. 27, 2004, on May 12, 2010 (with
English translation).

Submission by the Opponent, Valeo Systémes Thermiques, filed
against the Response by the Patentee, Mitsubishi Aluminium Co., in
European Patent Application No. 04009965.7/EP 1475598, filed Apr.
27,2004, on May 28, 2010 (with English translation).

Submission (Statement and Amendment filed Jan. 7, 2010) by the
Patentee, Mitsubishi Aluminium Co., in European Patent Application
No. 04009965.7/EP 1475598, filed Apr. 27, 2004, on Jan. 18, 2010.
Submission (Notice of Opposition) by the Opponent, Valeo Systémes
Thermiques, against the Patentee, Mitsubishi Aluminium Co., in
European Patent Application No. 04009965.7/EP 1475598, filed Apr.
27, 2004, on Oct. 13, 2009.

Communication (Notice of Opposition) issued Aug. 28, 2009, in
European Patent Application No. 04009965.7/EP 1475598, filed Apr.
27, 2004.

Submission (Letter filed Aug. 11, 2009) by the Patentee, Mitsubishi
Aluminium Co., in European Patent Application No. 04009965.7/EP
1475598, filed Apr. 27, 2004, on Aug. 21, 2009.

Communication (Indication of Deficiencies in the Notice of Oppo-
sition) issued Aug. 12, 2009, in European Patent Application No.
04009965.7/EP 1475598, filed Apr. 27, 2004.

Submission (Notice of Opposition filed Jul. 22, 2009) by the Oppo-
nent, Valeo Systéme Thermiques, against the Patentee, Mitsubishi
Aluminium Co., Ltd., in European Patent Application No. 04009965.
7/EP 1475598, filed Apr. 27, 2004, on Aug. 5, 2009, (with English
translation).

Payment by the Opponent, Valeo Systémes Thermiques, in relation to
the opposition proceeding against the Patentee, Mitsubishi
Aluminium Co., in European Patent Application No. 04009965.7/EP
1475598, filed Apr. 27, 2004, on Jul. 22, 2009.

Submission (Letter filed May 7, 2009) by the Patentee, Mitsubishi
Aluminium Co., in European Patent Application No. 04009965.7/EP
1475598, filed Apr. 27, 2004, on May 15, 2009.

Submission (Notice of Opposition) filed by the Opponent, Erbslch
Aluminium GmbH, against the Patentee, Mitsubishi Aluminium Co.,
Ltd., in European Patent Application No. 04009965.7/EP 1475598,
filed Apr. 27, 2004, on Apr. 29, 2009 (with English translation).
Communication (Decision to Grant) issued Sep. 25, 2008, in Euro-
pean Patent Application No. 04009965.7/EP 1475598, filed Apr. 27,
2004.

Communication (Letter from Attorney relating to German and
French translations of claims) issued Sep. 17, 2008, in European
Patent Application No. 04009965.7/EP 1475598, filed Apr. 27, 2004.
Communication (under Rule 71(3) EPC with an adopted document)
issued May 7, 2008, in European Patent Application No. 04009965.
7/EP 1475598, filed Apr. 27, 2004.

Communication (Minutes of the Oral Proceedings before the Exam-
ining Division) issued Apr. 28, 2008, in European Patent Application
No. 04009965.7/EP 1475598, filed Apr. 27, 2004.

Submission (Amendment on Oral Proceedings) by the Patentee,
Mitsubishi Aluminium Co., in European Patent Application No.
04009965.7/EP 1475598, filed Apr. 27, 2004, on Apr. 10, 2008.



US 9,283,633 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Solvay Fluor, “NOCOLOK® Sil Flux (fine grade)” *cited in the
Minutes of the Oral Proceedings before the Examining Division
conducted on Apr. 10, 2008, 1 page.

Submission (Response) by the Patentee, Mitsubishi Aluminium Co.,
in European Patent Application No. 04009965.7/EP 1475598, filed
Apr. 27, 2004, on Mar. 10, 2008.

Postage Record (Acknowledgement of Receipt) by the Patentee’s
Representative, Hoffman Eitle, in European Patent Application No.
04009965.7/EP 1475598, filed Apr. 27, 2004, on Nov. 27, 2007.
Communication (Summons) issued Nov. 26, 2007, in European
Patent Application No. 04009965.7/EP 1475598, filed Apr. 27, 2004.
Submission (Response) by the Patentee, Mitsubishi Aluminium Co.,
in European Patent Application No. 04009965.7/EP 1475598, filed
Apr. 27, 2004, filed on Oct. 22, 2007.

Communication (Office Action) issued Jun. 12, 2007, in European
Patent Application No. 04009965.7/EP 1475598, filed Apr. 27, 2004.
Submission (Amendment and Response) by the Patentee, Mitsubishi
Aluminium Co., in European Patent Application No. 04009965.7/EP
1475598, filed Apr. 27, 2004, filed on Dec. 11, 2006.
Communication (Office Action) issued Aug. 1, 2006, in European
Patent Application No. 04009965.7/EP 1475598, filed Apr. 27, 2004.
Submission (Request to Proceed with Examination) by the Patentee,
Mitsubishi Aluminium Co., in European Patent Application No.
04009965.7/EP 1475598, filed Apr. 27, 2004, filed on Jun. 14, 2006.
Communication (Invitation for further Examination) issued May 9,
2006, in European Patent Application No. 04009965.7/EP 1475598,
filed Apr. 27, 2004.

Communication (Search Report) issued Mar. 21, 2006, in European
Patent Application No. 04009965.7/EP 1475598, filed Apr. 27, 2004.
Communication (Notification of Application Number) issued Sep.
29, 2004, in European Patent Application No. 04009965.7/EP
1475598, filed Apr. 27, 2004.

Communication (JP Priority document received and placed in EP
file) issued Jun. 8, 2004, in European Patent Application No.
04009965.7/EP 1475598, filed Apr. 27, 2004.

Submission (Patent Application filed Apr. 5, 2004) by the Patentee,
Mitsubishi Aluminium Co., in European Patent Application No.
04009965.7/EP 1475598, on Apr. 27, 2004.

International Search Report issued Apr. 19, 2011, in Patent Appica-
tion No. PCT/JP2011/050832.

Website page found at http://www.aluninum-brazing.com/sponsor/
nocolok/Files/PDFs/31360.pdf graphically depicting particle size
distribution in Nocolok Sil Flux.

Website page found at: http://www.aluminum-brazing.com/2010/10/
discussing cilicone particle size distribution in Nocolok Sil Flux.
Notification issued Apr. 22, 2014 in Japanese Patent Application No.
2011-550922 with English Translation.

Yoshito Oki et al., “New Brazing Process for Aluminum Alloys with
Non-corrosive Flux”, Journal of Japan Institute of Light Metals, vol.
48, No. 9, (1998), pp. 432-438 and Partial English Translation.
Office Action dated Dec. 5, 2014 in European Application No.
11734665.0.

Elkem Bremanger, Result Analysis Report for Silgrain®—10um
dated Jun. 26, 2009.

Office Action issued Feb. 10, 2015 in Japanese Patent Application
No. 2014-083211 (with English translation).

Extended European Search Report issued Jul. 1, 2015 in Patent
Application No. 11734665.0.

Yoshito Oki et al., New brazing process for aluminum alloys with
non-corrosive flux, vol. 48, No. 9, p. 434, Sep. 30, 1998, Journal of
Japan Institute of Light Metals. T

Office Action from Japanese Patent Office mailed and disclosed to the
public on Sep. 18, 2014 in counterpart Japanese patent application
No. 2011-550922, including English translation attached thereto.}

* cited by examiner
T cited by third party



U.S. Patent Mar. 15, 2016 Sheet 1 of 2 US 9,283,633 B2

FI1G. 2




U.S. Patent Mar. 15, 2016 Sheet 2 of 2 US 9,283,633 B2

FIG. 3

Zn-FREE FLUX Temp. 40°C, Humid. 98%
CONTENT NORMAL CONDITION For 7 days

0g/m?

1g/m?

2.5g/m?

5g/m?




US 9,283,633 B2

1
HEAT EXCHANGER TUBE PRECURSOR AND
METHOD OF PRODUCING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is continuation in part of application Ser.
No. 12/690,685, filed Jan. 20, 2010, which is continuation in
part of application Ser. No. 11/218,595, filed on Sep. 6, 2005,
which is a continuation of application Ser. No. 10/823,563,
filed on Apr. 14, 2004, which claims priority to Japanese
Patent Application No. JP 2003-128170, filed on May 6,
2003, the entire contents of each of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a heat exchanger tube
precursor and, more particularly, relates to a heat exchanger
tube precursor, which allows manufacturing a heat exchanger
having high corrosion resistance after brazing treatment. The
present invention also relates to a method of producing the
heat exchanger tube precursor.

As shown in FIG. 2, a heat exchanger generally comprises
a pair of right and left pipe bodies called header pipes 5, a
multitude of tubes 1 made of an aluminum alloy installed in
parallel at intervals from each other between the header pipes
5, and fins 6 installed between the tubes 1, 1. The inner space
of each of the tubes 1 and the inner space of the header pipes
5 communicate with each other, so as to circulate a medium
through the inner space of the header pipes 5 and the inner
space of each of the tubes 1, thereby achieving efficient heat
exchange via the fins 6.

It is known to constitute the tubes 1 of the heat exchanger
from heat exchanger tube precursors 11 made by coating the
surface of an Al alloy extruded tube 3, that has flattened cross
section and a plurality of holes 4 for passing the medium as
shown in perspective view of FIG. 1, with a flux containing a
brazing material powder so as to form a flux layer 2. It is also
known to make the Al alloy extruded tube 3 from material
(JIS1050) that has high workability for extrusion forming
process, and to use a Si powder, an Al—Si alloy powder or an
Al—Si—7n alloy powder as the brazing material contained
in the flux layer 2.

A heat exchanger is manufactured using the conventional
heat exchanger tube precursor 11 described above in a pro-
cess such as: the heat exchanger tube precursors 11 are
installed at right angles to the header pipes 5 that are disposed
in parallel at a distance from each other, ends of the heat
exchanger tube precursors 11 are inserted into openings (not
shown) that are provided in the side face of the header pipe 5,
the fins 6 having corrugated shape are assembled between the
heat exchanger tube precursors 11, and the assembly is heated
in a heating furnace so that the header pipes 5 and the tubes 1
are fastened to each other by brazing with the brazing material
provided on the heat exchanger tube precursor 11 while the
fins 6 of corrugated shape are fastened between the tubes 1, 1
by brazing.

Wall thickness of the tube 1 that constitutes the heat
exchanger is made smaller than that of the header pipe 5 in
order to achieve high efficiency of heat exchange. As a result,
in the case in which the tube and the header pipe are corroded
at comparable rates, it is likely that a penetrating hole will be
formed by corrosion first in the tube thereby allowing the
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medium to leak therethrough. Thus, it has been a major con-
cern in the heat exchanger to prevent corrosion of the tubes.

In order to improve the corrosion resistance of the heat
exchanger tube 11, a sacrificial anode layer containing Zn as
amajor component is formed on the surface ofthe tubes in the
conventional heat exchangers. As the process to form the
sacrificial anode layer, such processes are known as thermal
spraying of Zn and coating with a Zn-containing flux. Japa-
nese Patent Application Unexamined Publication No.
7-227695 discloses an example that employs Zn-containing
flux.

However, when forming the sacrificial anode layer by ther-
mal spraying, it is difficult to precisely control the amount of
metal applied by thermal spraying, thus leading to such a
problem that the sacrificial anode layer cannot be formed
uniformly on the tube surface, and the corrosion resistance of
the tube cannot be improved.

When the Zn-containing flux described in Japanese Patent
Application Unexamined Publication No. 7-227695 as men-
tioned above is used, it may be believed that corrosion resis-
tance of the tube can be improved since the flux and Zn are
supplied simultaneously onto the tube surface. In actuality,
however, it is difficult to achieve a stable coating condition
with ordinary coating methods such as immersion coating
and roll coating, and therefore it has been difficult to uni-
formly apply the Zn-containing flux. As a result, Zn distribu-
tion in the sacrificial anode layer becomes uneven, thus lead-
ing to insufficient corrosion resistance of the tubes with
preferential corrosion occurring in a portion that has higher
concentration of Zn.

SUMMARY OF THE INVENTION

The present invention, which has been completed in view
of'the background described above, has an object of providing
aheat exchanger tube precursor, which allows manufacturing
a heat exchanger that has higher corrosion resistance.

In order to achieve the object described above, the present
invention employs the following constitution.

The first aspect of the present invention is a heat exchanger
tube precursor of the present invention includes: an Al alloy
tube; and a flux layer including a Si powder, a Zn-containing
flux, a Zn-free flux, and a binder, the flux layer being formed
on an outer surface of the Al alloy tube.

Inthe first aspect of the present invention, an amount of the
Sipowder applied on the Al alloy tube may be in a range of 1
g/m® to 5 g/m?, and an amount of the Zn-containing flux
applied on the Al alloy tube is in a range of 3 g/m” to 20 g/m”.

Also, in the first aspect of the present invention, the Si
powder may have a particle diameter distribution such that
99% particle diameter (Dy) is 5 um or more and 20 um or
less, and an amount of coarse particles having diameters of
not smaller than 5 times (Dg,) is less than 1 ppm by volume,
wherein (D) denotes a critical diameter defined such that
cumulative volume of particles not larger than (D) consti-
tute 99% by volume of all the particles.

Also, in the first aspect of the present invention, 50% par-
ticle diameter (Ds,) of the Si powder may be (Dgg)x0.05 or
more and (Dg)x0.7 or less, wherein (D) denotes a critical
diameter defined such that cumulative volume of particles not
larger than (D) constitute 99% by volume of all the par-
ticles, and (Ds,) denotes a critical diameter defined such that
cumulative volume of particles not larger than (Ds,) consti-
tute 50% by volume of all the particles.

Also, in the first aspect of the present invention, Zn-con-
taining flux may contain at least one selected from ZnF,,
ZnCl, and KZnF;.
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Also, in the first aspect of the present invention, the Zn-free
flux may contain at least one selected from LiF, KF, CaF,,
AlF,, SiF,, KAIF,, and KAIF,.

When such a heat exchanger tube precursor is used, since a
mixture of the Si powder and the Zn-containing flux is
applied, the Si powder melts and turns into a brazing liquid
during a brazing process, and Zn contained in the flux is
diffused uniformly in the brazing liquid and is distributed
uniformly over the tube surface. Since the diffusion velocity
of Zn in a liquid phase such as the brazing liquid is signifi-
cantly higher than the diffusion velocity in the solid phase, Zn
concentration in the tube surface becomes substantially uni-
form, thus making it possible to form a uniform sacrificial
anode layer and improve the corrosion resistance of the heat
exchanger tube.

It is preferable for maximum particle size of the Si powder
to be 30 um or less. Maximum particle size larger than 30 pm
results in an increase in the erosion depth of the tube and is
therefore not desirable. When maximum particle size of the Si
powder is less than 0.1 um, Si particles aggregate, and the
erosion depth of the tube increases also in this case. There-
fore, the maximum particle size is preferably not less than 0.1
pm.

Also, inthe first aspect of the present invention, the Al alloy
tube may be constituted of an alloy containing Si of 0.05% or
more and 1.0% or less by weight, Mn of 0.05% or more and
1.2% or less by weight, and the balance being consisting of Al
and inevitable impurities.

The second aspect of the present invention is a method of
producing a heat exchanger tube precursor, the method
including the steps of: classifying a pre-classification Si pow-
der to obtain a post-classification Si powder in which 99%
particle diameter (Dgo) is 5 um or more and 20 pum or less, an
amount of coarse particles having diameters of not smaller
than 5 times (D) is less than 1 ppm by volume, and 50%
particle diameter (D) of the Si powder is (Dg5)x0.05 or
more and (Dg,)x0.7 or less; preparing a coating material
including the post-classification Si powder, a Zn-containing
flux, a Zn-free flux, and a binder; and applying the coating
material on an Al alloy tube, wherein an amount of the Si
powder applied on the Al alloy tube is in a range of 1 g/m® to
5 g/m?, an amount of the Zn-containing flux applied on the Al
alloy tube is in a range of 3 g/m* to 20 g/m?, (D) denotes a
critical diameter defined such that cumulative volume of par-
ticles not larger than (D, ) constitute 99% by volume of all the
particles, and (Ds,) denotes a critical diameter defined such
that cumulative volume of particles not larger than (D)
constitute 50% by volume of all the particles.

In the second aspect of the present invention, the Zn-con-
taining flux may contain at least one selected from ZnF,,
ZnCl,, and KZnF;.

In the second aspect of the present invention, the Zn-free
flux may contain at least one selected from LiF, KF, CaF,,
AlF,, SiF,, KAIF,, and KAIF,.

In the second aspect of the present invention, the step of
classifying may be performed by passing the pre-classifica-
tion Si powder through a sieve. Alternatively, a cyclone may
be used for classification in the step of classifying.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a heat exchanger tube
precursor of the prior art.

FIG. 2 is a perspective view of a heat exchanger of the prior
art.
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FIG. 3 is photographic images of heat exchangers showing
time degradation of the coating material.

DETAILED DESCRIPTION OF THE INVENTION

Next, preferred embodiments of the present invention will
be described in detail.

The heat exchanger tube precursor of the present invention
is made by forming the external surface of an Al alloy
extruded tube with a flux layer containing a Si powder and a
Zn-containing flux.

The Al alloy extruded tube which constitutes the heat
exchanger tube precursor is made of an Al alloy containing Si
and Mn, with the balance being Al and inevitable impurities,
where a Si content is 0.5% by weight or mom and 1.0% by
weight or less, and a Mn content is 0.05% by weight or more
and 1.2% by weight or less.

The reason for restricting the composition of the Al alloy
extruded tube will be described below. Si has an effect in that
a large amount of Si forms a solid solution in the Al alloy
extruded tube, thus resulting in noble potential of the Al alloy
extruded tube, and causes preferential corrosion to occur in
the header pipes and the fins that are brazed with the tubes
when assembling the heat exchanger, thereby suppressing
deep pitting corrosion from occurring in the Al alloy extruded
tube, while improving the brazing characteristic and forming
good joint thereby to improve the strength after brazing. Si
content of less than 0.5% cannot achieve the desired effect,
and is therefore not desirable. Si content higher than 1.0%, on
the other hand, lowers the melting point of the alloy resulting
in excessive melting during brazing and poor extrusion form-
ing characteristic, and is not desirable. Therefore, Si concen-
tration in the Al alloy extruded tube is set in a range from 0.5
to 1.0%. More preferable range of Si concentration is from
0.6% to 0.8%.

Mn has the effect of turning the Al alloy extruded tube to
noble potential and, because of less likelihood of diffusing in
the brazing material, allows higher potential difference with
the fin or the header pipe so as to make the corrosion prevent-
ing effect of the fin or the header pipe more effective, thereby
improving the external corrosion resistance and the strength
after brazing. Mn content of less than 0.05% cannot achieve
sufficient effect of turning the Al alloy extruded tube to noble
potential, and is therefore not desirable. Mn content higher
than 1.2%, on the other hand, results in poor extrusion form-
ing characteristic, and is not desirable.

Therefore, Mn concentration in the Al alloy extruded tube
is set in a range from 0.05 to 1.2%.

The flux layer formed on the tube surface contains the
Zn-containing flux and the Si powder, so that a molten braz-
ing material layer is formed over the entire surface of the tube
after brazing. Since the brazing material layer contains Zn
uniformly distributed therein, the brazing material layer has
similar effect as that of the sacrificial anode layer so that the
brazing material layer is subject to preferential planar (gen-
eral) corrosion. Therefore deep pitting corrosion can be sup-
pressed and corrosion resistance can be improved.

The amount of a Si powder applied to the heat exchanger
tube precursor is preferably not less than 1 g/m? and not more
than 5 g/m*. When the amount is less than 1 g/m?, sufficient
brazing strength cannot be achieved because of insufficient
amount of the brazing material, and sufficient diffusion of Zn
cannot be achieved. When the amount is more than 5 g/m?, Si
concentration in the tube surface increases and the rate of
corrosion increases, and is therefore not desirable.
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The flux layer contains at least the Zn-containing flux. In
addition to the Zn-containing flux, a flux which does not
contain Zn may also be contained.

The Zn-containing flux preferably contains at least one Zn
compound selected from ZnF,, ZnCl, and KZnF;. The flux
which does not contain Zn preferably contains at least one
fluoride such as LiF, KF, CaF,, AlF, or SiF, or a complex
compound of the fluoride such as KAIF, or KAIF;.

As the Zn-containing flux is contained in the flux layer of
the heat exchanger tube precursor, a Zn-diffused layer (braz-
ing material layer) is formed on the tube surface after brazing,
so that the Zn-diffused layer functions as a sacrificial anode
layer, thereby improving the anti-corrosion effect of the tube.

Also, because a mixture of the Si powder and the Zn-
containing flux is applied, the Si powder melts and turns into
a brazing liquid during a brazing process, Zn contained in the
flux is diffused uniformly in the brazing liquid and is distrib-
uted uniformly over the tube surface. Since diffusion velocity
of Zn in a liquid phase such as the brazing liquid is signifi-
cantly faster than the diffusion velocity in a solid phase, Zn
concentration in the tube surface becomes substantially uni-
form, thus making it possible to form a uniform Zn-diffused
layer and improve the corrosion resistance of the heat
exchanger tube.

The amount of the Zn-containing flux applied to the heat
exchanger tube precursor is not less than 3 g/m? and not more
than 20 g/m>. An amount of less than 3 g/m? results in insuf-
ficient formation of a Zn-diffused layer that does not have
sufficient anti-corrosion effect, and is therefore not desirable.
An amount of more than 20 g/m? causes excessive Zn to be
concentrated in a fillet that is the joint of the fin with other
components which results in higher rate of corrosion in the
joint, and is therefore not desirable.

The heat exchanger can be constituted by brazing the heat
exchanger header pipes and the fins to the heat exchanger tube
precursor described above.

That is, the heat exchanger is constituted from the heat
exchanger tube precursor of the present invention, the heat
exchanger header pipes and the fins that are joined with each
other. Similarly to the heat exchanger described in conjunc-
tion with the prior art, the heat exchanger comprises a pair of
right and left pipe bodies called “heat exchanger header
pipes”, a plurality of heat exchanger tube precursors installed
in parallel at intervals from each other between the heat
exchanger header pipes, and fins installed between the heat
exchanger tube precursors. The inner space of the heat
exchanger tube precursor and the inner space of the heat
exchanger header pipe are communicated with each other, so
as to circulate a medium through the inner space of the heat
exchanger header pipe and the inner space of the heat
exchanger tube precursor, thereby to achieve efficient heat
exchange via the fins.

The flux layer may be applied to the Al alloy tube with a
roller coating apparatus. In this case, multiple Al alloy tubes
are passed by the roller that is applied with a coating material
(flux layer) in advance. In this way, the flux layer can be
applied on an Al alloy tubes at once continuously. Alterna-
tively, the flux layer can be applied on the Al alloy tube by
thermal spraying. In addition to the methods described above,
any conventional method for applying the coating material on
a solid object can be used in the application process of the flux
layer.

In order to obtain Si powder that has an intended specifi-
cation, particularly in terms of their sizes, the Si powder is
subjected to a classification process before preparing the
coating material. For example, a commercially available Si
powder (pre-classification Si powder) is subjected to a clas-
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sification process in order to obtain the Si powder required to
prepare the flux layer used in the first aspect of the present
invention (post-classification Si powder).

The classification process includes the wet-type classifica-
tion method, in which powder suspended in a liquid is sub-
jected to classification, and dry-type classification method, in
which a powder in a dried-form is subjected to the classifica-
tion. In term of apparatus for the classification of Si powder,
a single or multiple filters can be used for example. Alterna-
tively, a cyclone apparatus can be used for classification. In
addition to the methods described above, any conventional
method can be used for classifying Si powder to prepare the
post-classification Si powder.

Second Embodiment

In the following, another embodiment according to the
present invention is explained.

A heat exchanger tube precursor of this embodiment is also
constituted by forming a flux layer which includes Si powder
and Zn-containing flux on an outer surface of an Al-alloy
extruded tube (tube main body). In this embodiment, the flux
layer further contains binder.

A main body of the heat exchanger tube precursor may be
constituted of aluminum extruded tube or of aluminum alloy
extruded tube.

The component of the Al alloy extruded tube may contains
Si, Mn, and the balance being Al and inevitable impurities,
where an amount of Si may be 0.05% by weight or more and
1.0% by weight or less, an amount of Mn may be 0.05% by
weight or more and 1.2% by weight or less.

In the production process of a heat exchanger, it is prefer-
able to constitute fins of a material (fin member) that has
electric potential lower (less noble) than that of the tube.

In the following, reasons for limiting component elements
of the heat exchanger tube precursor are explained.

Content of Si is important for forming moderate diffusion
profile, and forming an uniform sacrificial anode layer. Where
the amount of Si is less than 0.05% by weight, diffusion
profile of Si has a large gradient, and it is difficult to form an
uniform sacrificial anode layer. Where the amount of Si is
more than 1.0% by weight, melting point of the alloy consti-
tuting the tube decreases, and extrudability of the alloy
decreases. Therefore, in the present embodiment, the amount
of'Si contained in the alloy of the tube main body is controlled
to be 0.05 to 1.0% by weight. More preferable Si content of
the alloy is 0.1 to 0.6% by weight.

Mn forms an intermetallic compound with diffusing Si and
is effective in forming an uniform sacrificial anode layer. In
addition, Mn is also effective in improving corrosion resis-
tance of the tube, improving mechanical strength of the tube,
and improving extrudability of the alloy during forming the
tube by extrusion.

Where the amount of Mn in the alloy is less than 0.05% by
weight, diffusion profile of the Si has large gradient, and it is
difficult to form an uniform sacrificial anode layer. Where the
amount of Mn exceeds 1.2% by weight, extrudability of the
alloy is decreased because of increasing extrusion pressure.
Therefore, in the present embodiment, the amount of Mn
contained in the alloy for constituting the tube is controlled to
be 0.05 to 1.2% by weight. More preferable Mn content is 0.1
to 0.6% by weight.

Further, the Al alloy constituting the tube may further
includes one or more selected from the group consisting of
Fe: 0.1 to 0.6% by weight, Ti: 0.005 to 0.2% by weight, and
Cu: 0.1% by weight or less.
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Fe forms an intermetallic compound with diffusing Si and
is effective in forming an uniform sacrificial anode layer.
Where the amount of Fe is less than 0.1% by weight, diffusion
profile of Si has a large gradient, and it is difficult to form a
uniform sacrificial anode layer. Where the amount of Fe
exceeds 0.6% by weight, intermetallic compound increases in
the alloy constituting the tube, thereby tending to deteriorate
the extrudability, resulting in short tool life of an extrusion
die. More preferable Fe content is 0.15 to 0.5% by weight.

Ti forms fine intermetallic compound that does not inhibit
corrosion resistance, and contributes to enhancement of
strength of the tube 3. Where the amount of Ti is less than
0.005% by weight, no effective result can be obtained by the
addition of Ti. Where the amount of Ti exceeds 0.2% by
weight, extrudability of the tube alloy is deteriorated because
of increasing extrusion pressure. More preferable Ti content
is 0.005 to 0.1% by weight.

Cu is effective in raising the electric potential of the tube
and maintaining the eftect of the sacrificial anode layer for a
long time. However, where the amount of Cu exceeds 0.1%
by weight, corrosion rate increases, and the effect of the
sacrificial anode layer is lost in the short time period. More
preferable Cu content is less than 0.05% by weight.

The tube main body may be formed by extrusion of alumi-
num or aluminum alloy of the above-described composition.
The extruded tube constituting the tube main body may be
formed as a multi bore (port) extruded tube having a plurality
of refrigerant passageways.

The extruded tube may have a surface constituted of two
substantially flat main surfaces, two side surfaces, and two
end surfaces in which opening of the refrigerant passageways
are formed. The flux layer may be formed on the two main
surfaces and the two side surfaces, or only on the two main
surfaces.

Preferably, surface roughness of the extruded tube (tube
main body) is less than 20 um in R, ...

The flux layer formed on the surface of the tube includes
Zn-containing flux, Si powder, and binder.

Preferably, the Zn containing flux contains one or more Zn
compound selected from the group consisting of ZnF,,
7ZnCl,, and KZnF;. The Zn containing flux may be consisting
of the above-described Zn compound. Alternatively, the Zn-
containing flux may be a mixture of the above-described Zn
compound and another flux. For example, one or two or more
selected from the group consisting of LiF, KF, CaF,, AlF;,
SiFy, Ky aama-e: CS1airacss C80.02K 5 41m4.50 Kosips may
be included in the Zn containing flux. Preferably, the Zn
containing flux may have a particle diameter of 1 to 6 um in
mean particle diameter (D).

Where the Zn containing flux is formed as a mixture of Zn
compound and Zn-free flux, it is preferable to control the
amount of Zn compound applied on the tube surface to be 3
g/m? or more.

Acrylic based resin may be used as the binder. Where the
acrylic based resin is used as the binder, the resin has an effect
of adhering the components of the flux layer such as Si pow-
der and fluoride based flux to the surface of the tube, and
preventing delamination of the flux layer from the tube during
the pre-brazing process such as assembling process of the
heat exchanger. In addition, since the acrylic based resin is
easily decomposed and evaporated during heating in the pro-
cess of brazing, brazeability and corrosion resistance of the
tube are not deteriorated. Therefore, the acrylic based resin is
preferred as the binder.

In the present embodiment, 99% particle size (Dy,) of the
Si powder contained in the flux layer is preferably 5 um or
more and 20 pm or less, where 99% particle diameter denotes
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a critical diameter defined such that cumulative volume of
particles having the diameters of not greater than the diameter
constitute 99% of the volume of the whole powder. Further,
amount of coarse particles having a particle diameter (here-
after referred to as D_, ) of not smaller than (Dgg)x5 is
preferably less than 1 ppm by volume.

Where the Si powder has a particle size of 20 pm or less in
99% particle diameter (D), it is possible to form an uniform
sacrificial anode layer. On the other hand, where 99% particle
diameter exceeds 20 um, localized deep erosion is generated,
and it is difficult to form a uniform sacrificial anode layer.
Therefore, particle diameter of Si powder is preferably 20 um
or less in 99% particle diameter (Dy,). Where the Si powder
has a particle diameter of less than 5 um in 99% particle
diameter (Dg,), Si powder as a whole has fine particle diam-
eter. Since the fine Si particle tends to accumulate with each
other, granulation or aggregation of powder particles easily
occurs in the powdered brazing composition formed by mix-
ing the Si powder, flux, and binder.

More preferably, (Dy,) of the Si powder is 5 um or more
and 15 pm or less.

Based on the above-described reason, the Si powder pref-
erably has a particle diameter distribution such that 99%
particle diameter (Dy,) is 5 pum or more and 20 pum or less, and
an amount of coarse Si particles of not smaller than 5 times
the 99% particle diameter (Dg,) is less than 1 ppm.

More preferably amount of the coarse Si particles of not
smaller than 5 times the 99% particle diameter (D) is less
than 0.5 ppm, more preferably less than 0.1 ppm.

Preferably, mean diameter (Ds,) of the Si powder is in the
range of not smaller than 0.05 times the 99% particle diameter
(Dg,) and not larger than 0.7 times the 99% particle diameter
(Dys), where the mean diameter (D5,) denotes a critical par-
ticle diameter defined by the fact that cumulative volume of Si
powder of not larger than that diameter constitute 50% by
volume of the whole Si powder. Where the Si powder applied
on the surface of the tube has a mean diameter (Ds,) of not
smaller than 0.05 times the 99% particle diameter (Dy,) and
not larger than 0.7 times the 99% particle diameter (D),
uniform sacrificial anode layer is formed after the heating in
the brazing process. On the other hand, where the Si powder
applied on the surface of the tube has a mean diameter (Ds)
larger than 0.7 times the 99%, relatively coarse particles are
dispersed on the surface of the tube. As a result, the sacrificial
anode layer formed after the brazing tends to have spot like
distribution of deep (thick) portions. As aresult, area in which
Zn is not diffused is distributed between the spot like sacrifi-
cial anode layers. In such a case, by a large potential difter-
ence between the area of sacrificial anode layer and the area in
which Zn is not diffused, there is a possibility of occurrence of
localized deep corrosion.

Where the Si powder has a small mean diameter less than
0.05 times (D), granulation tends to occur by accumulation
of' the fine particles.

Based on the above-explained reason, mean diameter (Ds,)
of'Si powder is preferably not smaller than 0.05 times the 99%
particle diameter (D) and not larger than 0.7 times the 99%
particle diameter (Dg,).

Amount of Si powder applied on the surface of the tube
(heat exchanger tube precursor) is preferably 1 g/m? or more
and 5 g/m? or less. Where the amount of Si powder is less than
1 g/m? brazing filler is not formed sufficiently, and it is
difficult to form an uniform sacrificial anode layer. On the
other hand, where the amount of Si powder exceeds 5 g/m?,
noble cathode layer is formed on the surface of the sacrificial
anode layer. As a result, effect of the sacrificial anode layer is
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lost in a short time period. Therefore, amount of the Si powder
in the coating (flux layer) is preferably 1 to 5 g/m?.

The amount of Zn-containing flux applied on the surface of
the heat exchanger tube precursor is preferably in the range of
3 g/m® or more and 20 g/m? or less. Where the amount of the
Zn-containing fluoride based flux in the coating (flux layer) is
less than 3 g/m?, it is difficult for the sacrificial anode layer to
exert the sacrificial anode effect because of small potential
difference. In addition, decomposition and removal of surface
oxide layer of the member to be brazed (tube) tends to be
insufficient. On the other hand, where the amount of the
Zn-containing fluoride based flux in the coating exceeds 20
g/m?, corrosion rate of the sacrificial anode layer is increased
because of large potential difference. As a result, corrosion
protection effect by the presence of the sacrificial anode layer
is lost in a short time.

More preferable amount of the Zn-containing flux is 4 g/m?
or more and 15 g/m? or less.

In addition to the Si powder and the Zn-containing fluoride
based flux, the coating composition includes binder. For
example, acrylic base resin may be used as the binder. The
binder has an effect of adhering the Si powder and the Zn
containing flux (necessary materials in the formation of the
sacrificial anode layer) to the surface of the tube. Where the
amount of binder in the coating is less than 0.2 g/m?, there is
a possibility of failing formation of an uniform sacrificial
anode layer by dropping out of the Si powder and/or Zn-
containing flux from the tube during the brazing process. On
the other hand, where the amount of binder exceeds 8.3 g/m?>
by weight, brazeability is deteriorated by the presence of
residue of the binder, and it is difficult to form an uniform
sacrificial anode layer. Therefore, it is preferable to control
the amount of the binder in the coating to be in the range 0 0.2
to 8.3 g/m?. In usual, the binder is evaporated by heating
during the brazing process.

More preferable amount of the binder coated on the surface
of the tube is 0.3 g/m? or more and 7 g/m? or less. Preferably,
the amount of the binder is controlled to be in the range of 5%
to 25% or the total amount of the Si powder and the Zn
containing flux and binder in the coating.

A heat exchanger may be constituted by brazing headers
and fins for heat exchanger to the above-described heat
exchanger tube precursor.

A heat exchanger is constituted by joining the above-de-
scribed tubes, header pipes, and fins. A pair of pipes so called
header pipes is arranged with a clearance in between in ver-
tical or lateral (horizontal) direction. A plurality of tubes is
arranged between the header pipes. Openings corresponding
to the numbers of the tubes are opened in one side of each
header pipe. For example, the tubes and header pipes are
assembled by inserting the end portions of the tubes into the
openings of the header pipes. Plate members so called fins are
arranged between each pair of the adjacent tubes. The fin may
be a corrugated fins made by working a plate into a corrugated
(wavy) shape.

After assembling the tubes, fins, and header pipes, the
assembled body is heated at a predetermined temperature, for
example, at 580 to 615° C. During the heating, melting of flux
is followed by melting of the Si powder, and brazing liquid is
formed. The brazing liquid includes Zn of the flux, Si of the
silicon powder, and alloy components of the surface portion
of'the tube main body eutectically molten with the Si powder.
The brazing liquid is solidified by cooling and forms a brazing
filler layer.
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Zn is uniformly distributed by diffusion in the brazing
liquid, and also diffuses into the Al alloy of the tube main
body. As a result, an uniform Zn diffused layer is formed on
the surface of the tube.

Inthe process of heat exchange, medium is circulated in the
inner space of each header pipes and tubes, and heat exchange
can be performed effectively via the fins having large contact
surfaces with the outer environment.

The flux layer may be applied to the Al alloy tube with a
roller coating apparatus. In this case, an Al alloy tube is
passed by the roller that is applied with a coating material
(flux layer) in advance. In this way, the flux layer can be
applied on numbers of Al alloy tubes at once continuously.
Alternatively, the flux layer can be applied on the Al alloy tube
by thermal spraying. In addition to the methods described
above, any conventional method for applying the coating
material on a solid object can be used in the application
process of the flux layer.

In order to obtain Si powder that has an intended specifi-
cation, particularly in terms of their sizes, the Si powder is
subjected to a classification process before preparing the
coating material. For example, a commercially available Si
powder (pre-classification Si powder) is subjected to a clas-
sification process in order to obtain the Si powder required to
prepare the flux layer used in the first aspect of the present
invention (post-classification Si powder).

The classification process includes the wet-type classifica-
tion method, in which powder suspended in a liquid is sub-
jected to classification, and dry-type classification method, in
which a powder in a dried-form is subjected to the classifica-
tion. In term of apparatus for the classification of Si powder,
a single or multiple filters can be used for example. Alterna-
tively, a cyclone apparatus can be used for classification. In
addition to the methods described above, any conventional
method can be used for classifying Si powder to prepare the
post-classification Si powder.

Third Embodiment

In the following, another embodiment according to the
present invention is explained.

The third embodiment differs from the first and the second
embodiments in having both the Zn-containing flux and the
Zn-free flux at the same time in the flux layer applied on the
Al alloy tube. Any other configurations described in the first
and the second embodiments can be adopted in the third
embodiment of the present invention.

As explained above, the flux layer formed on the surface of
the tube includes a Zn-free flux, in addition to the Si powder,
the Zn-containing flux, and binder in the present embodi-
ment. The Zn-free flux is a chemical composition included in
the flux layer to destroy the oxide film formed on the surface
being soldered. The Zn-free flux does not contain Zn. During
process, the Zn-free flux destroys the oxidized film formed on
the soldering surface together with the Zn-containing flux,
improving solderability at the joint.

Therefore, two different kinds of flux, the Zn-free and
Zn-containing fluxes, are used at the same time. In terms of
the Zn-containing flux, those named in the explanations in the
first and second embodiments can be used.

The Zn-free flux contains at least fluoride such as LiF, KF,
CaF,, AlIF; or SiF,, or a complex compound of the fluoride
such as KAIF, or KAIF;. Alternatively, the Zn-free flux con-
tains one or more selected from the group consisting LiF, KF,
CaF,, AlF,, SiF, K, ;AIF, ¢, Cs, 5AIF, 4, Csy .K, ,AIF, 5,
and K,SiF.
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By using the two different kinds of flux, the Zn-free and
Zn-containing fluxes, Zn content in the coating material (flux
layer) can be controlled. By controlling the Zn content in the
coating material, the preferential corrosion in the fillet part of
the joint can be prevented, for example. The preferential
corrosion occurs when the fillet part includes a much higher
Zn content compared to other coated part.

In addition to the technical effect explained above, time
degradation of the coating material can be suppressed by
having the Zn-free and the Zn-containing fluxes in the flux
layer at the same time.

When the Al alloy tube applied with the coating material
(flux layer) is kept under a higher temperature than normal
room temperature, such as 40° C. or higher, and a higher
humidity, such as 98% or higher, for a certain period of time,
such as 7 days or longer, the performance of the flux layer
deteriorates, if the flux layer only includes the Zn-containing
flux.

Specifically, when the Al alloy tube applied a flux layer
including only the Zn-containing flux as a flux is kept under
the condition described above, a larger amount of the Si
powder is not melted during brazing process causing poor
soldering and a higher susceptibility to corrosion.

However, such a time degradation of the flux layer under
the circumstance can be suppressed by including the both
Zn-free and Zn-containing fluxes in the flux layer.

The amount of Zn-containing flux applied on the surface of
the heat exchanger tube precursor is preferably in the range of
3 g/m® or more and 20 g/m? or less. Where the amount of the
Zn-containing fluoride based flux in the coating (flux layer) is
less than 3 g/m?, it is difficult for the sacrificial anode layer to
exert the sacrificial anode effect because of small potential
difference. In addition, decomposition and removal of surface
oxide layer of the member to be brazed (tube) tends to be
insufficient. On the other hand, where the amount of the
Zn-containing fluoride based flux in the coating exceeds 20
g/m?, corrosion rate of the sacrificial anode layer is increased
because of large potential difference. As a result, corrosion
protection effect by the presence of the sacrificial anode layer
is lost in a short time.

More preferable amount of the Zn-containing flux is 4 g/m?*
or more and 15 g/m? or less.

The amount of Zn-free flux applied on the surface of the
heat exchanger tube precursor is preferably in the range of 1.2
g/m* or more and 26 g/m? or less. Where the amount of the
Zn-free flux in the coating (flux layer) is less than 1.2 g/m?,
degradation of the heat exchanger due to humidity is accel-
erated. In addition, the Zn content is increased at the fillet part
making the fin part prone to be separated after the brazing
process. On the other hand, where the amount of the Zn-free
flux in the coating exceeds 26 g/m?, it is wasteful since there
is no improvement on the corrosion resistance.

More preferable amount of the Zn-free flux is 2 g/m? or
more and 20 g/m? or less.
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It is preferable that the amount ratio between Zn-contain-
ing flux and Zn-free flux is in the range 0f 10:4 to 10:13 as the
mass per area unit (g/m?).

The flux layer may be applied to the Al alloy tube with a
roller coating apparatus. In this case, multiple Al alloy tubes
are passed by the roller that is applied with a coating material
(flux layer) in advance. In this way, the flux layer can be
applied on numbers of Al alloy tubes at once continuously.
Alternatively, the flux layer can be applied on the Al alloy tube
by thermal spraying. In addition to the methods described
above, any conventional method for applying the coating
material on a solid object can be used in the application
process of the flux layer.

In order to obtain Si powder that has an intended specifi-
cation, particularly in terms of their sizes, the Si powder is
subjected to a classification process before preparing the
coating material. For example, a commercially available Si
powder (pre-classification Si powder) is subjected to a clas-
sification process in order to obtain the Si powder required to
prepare the flux layer used in the first aspect of the present
invention (post-classification Si powder).

The classification process includes the wet-type classifica-
tion method, in which powder suspended in a liquid is sub-
jected to classification, and dry-type classification method, in
which a powder in a dried-form is subjected to the classifica-
tion. In term of apparatus for the classification of Si powder,
a single or multiple filters can be used for example. Alterna-
tively, a cyclone apparatus can be used for classification. In
addition to the methods described above, any conventional
method can be used for classifying Si powder to prepare the
post-classification Si powder.

EXAMPLES
Examples A

Al alloy extruded tubes having 10 cooling medium passing
holes and cross section measuring 20 mm in width, 2 mm in
height and wall thickness of 0.20 mm were produced, by
extrusion forming of billets made of an Al alloy containing
0.7% by weight of Si and 0.5% by weight of Mn.

Then a flux mixture was prepared by mixing the Zn-con-
taining flux to Si powder. The flux mixture was applied by
spraying onto the outer surface of the Al alloy extruded tube
that was produced in advance, thereby forming a flux layer.
The amounts of the Si powder and the flux mixture applied to
the Al alloy extruded tube are shown in Table 1. Thus the heat
exchanger tube precursors of Examples 1 to 6 and Compara-
tive Examples 1 to 4 were produced.

Then fins made of cladding material (JIS3003 or JIS3003/
JIS4045) were assembled on the heat exchanger tube precur-
sors of Examples 1 to 6 and Comparative Examples 1to 4, and
the assemblies were kept at 600° C. in a nitrogen atmosphere
for three minutes so as to carry out brazing. The tubes with the
fins brazed thereon were subjected to corrosion tests
(SWAAT, 20 days) to measure the maximum corrosion depth
of the tubes. The test results are shown in Table 1.

TABLE 1
Sipowder
Maximum Flux Maximum
Amountof  particle size Amount of corrosion depth
coating (g/m?) (pm) Composition coating (g/m?) Fin (pm) Remark
Example 1 1 10 KZnF, 5 JIS3003 75 —
Example 2 3 10 KZnF, 10 JIS3003 70 —
Example 3 5 10 KZnF, 15 JIS3003 80 —
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TABLE 1-continued
Si powder
Maximum Flux Maximum
Amount of particle size Amount of corrosion depth

coating (g/m?) (nm) Composition coating (g/m?) Fin (um) Remark
Example 4 5 10 KZnF, 20 J1S3003 75 —
Example 5 3 10 ZnCl, + KAIF, 10+ 10 J1S3003 95 —
Example 6 3 35 KZnF; 10 JIS3003 80 somewhat deep

erosion

Comparative 3 10 KAIF, 10 J1S3003 350 —
Example 1
Comparative 3 10 KZnF; + 2+10 JIS3003 300 —
Example 2 KAIF,
Comparative — — ZnF, 10 JIS3003/ 175 —
Example 3 JIS4045
Comparative — — KZnF; 20 JIS3003/ 200 —
Example 4 JIS4045

As shown in Table 1, maximum corrosion depth was less
than 100 it m in any of the finned tubes of Examples 1 to 6,
indicating that corrosion of the tubes was suppressed.
Example 6 showed a little deeper erosion because of larger
maximum particle size of the Si powder.

20 Method of Controlling the Particle Diameter Distribution of
Si Powder.

1. Firstly commercially available Si powder of a predeter-

mined grade is prepared. In this stage, it is impossible to

analyze the distribution of coarse grains by the laser diffrac-

] ) 25 tionparticle diameter analyzer. Commercially available pow-
Extent of corrosion was larger in the comparative  ders are provided with data of particle diameter distribution.
examples, presumably because Zn was not added to the flux in However, those powders include substantial amounts of
Comparative Example 1, smaller amount (2 g/m>) of the coarse particles not described in the data. 2. The Si powder is
Zn-containing flux (KZnF,) was added in Comparative sieved using a §ieve having a mesh aperture §ize O.f (Dggo)x5.
Example 2, and Zn was distributed unevenly since Si powder 5, ziez?ggp3Wi%ré§t;%bg fgvtfg gogiﬁﬁ% rog“ n€:$$§ gﬁgllzt;regz
was not added in the comparative examples 3 and 4. are mainly constituted of coarse particles. Therefore, it is
possible to analyze particle diameter distribution using the
Examples B laser diffraction type particle diameter analyzer. 5. By adding
anecessary amount of the above-described coarse Si particles
. . . to the Si powder having a particle diameter of a certain diam-
. Mult.l-bore (MUIU'POH), extruded tqbes .each having a . eter or lels)s, Si powder%orﬂaining a desired amount of coarse
dimension of 1.5 mm 1n helght, 14 mm in width, 500 mm in Si particles is prepared. 6. By the above-described process, it
length, and 0.4 mm in wall thickness were produced by extru- is possible to control the amount of coarse Si powder to be a
sion of aluminum alloy having a composition of Al-0.3% calculated value.
Si-0.3% Fe-0.3% Si powders of the thus controlled particle diameter distri-
o) T . 40 bution were used in the testing.
Mn-0.05 /(;Tl' 39 tubes were Prepared. ngtmg in an amount The 39 tubes subjected togheating process equivalent to
of 9.5 g/m” of powdered br azing con.lpos.mon contalnlgg aSi brazing at 600° C. for 2.5 minutes were subjected to SWAAT
powder, a KZnF, flux, an acrylic resin binder was applied on test for 11 days, and maximum depth of corrosion generated
the surface of each tube, where fraction of each component in the coated portion was measured by focal depth method.
was controlled such that Si powder:KZnF; flux:acrylic ,;  With respect to the thus obtained Examples B1 to B36 and
resin=2.6:5.7:1.2 (g/m*). Each tube was subjected to heating Comparative Examples B1 to B3, amount of Si powder in the
for brazing at 600° C. for 2.5 minutes in a furnace of nitrogen coating (flux layer), 99% particle diameter of the Si powder,
atmosphere. amount of coarse Si particles having a diameter of not smaller
. . o . than 5 times (Dg,), ratio of (Ds,)/(Ds,) of the Si powder,
Particle diameter distribution of Si powder was controlled amount of KZnF,, flux in the coating, maximum depth of
as shown in Table 2 by measuring the diameter distribution 50 corrosion, and numbers of corroded portions having a depth
using the below explained laser diffraction particle diameter of 120 pum or more measured as a result of corrosion test of
analyzer, and grading the particle diameter by sieving. each tube are shown in the below Tables 2 and 3.
TABLE 2
Number
of
Si powder corrosion
Amount having a
of Flux Maximum depth of
Amount Dgy D, Amount Amount corrosion 120 pm
(gm?)  (um) (ppm) Dsy/Deg Composition  (g/m?) Fin depth (um) or more
Example Bl 2 5 002 03 KZiFs 15 JIS3003 85 0
Example B2 3 10 005 035 KZnF, 5 JIS3003 90 0
Example B3 3 20 002 04 KZuFs 3 JIS3003 95 0
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TABLE 2-continued
Number
of
Si powder corrosion
Amount having a
of Flux Maximum depth of
Amount Dy D, Amount Amount corrosion 120 pm
(gm?)  (um) (ppm) Dsy/Deg Composition  (g/m?) Fin depth (um)  or more
Example B4 4 5 0.02 0.3 KZnF; 6  JIS3003 91 0
Example B5 2.5 10 0.05 0.35 KZnF, 15 JIS3003 93 0
Example B6 4 20 0.02 0.4  KZnF; 15 JIS3003 98 0
Example B7 3 10 0.01 0.35 KZnF; 20 JIS3003 74 0
Example B8 2.5 10 0.1 0.35 KZnF; 3 JIS3003 130 1
Example B9 3 10 0.5 0.35 KZnF, 6  JIS3003 125 4
Example B10 3 10 0.9 0.35 KZnF; 4 JIS3003 125 8
Example B11 1 20 0.05 0.04 KZnF; 5 JIS3003 125 20
Example B12 2.5 20 0.02 0.05 KZnF; 10 JIS3003 95 0
Example B13 3.5 20 0.02 0.5 KZnF, 5 JIS3003 84 0
Example B14 3.5 20 0.01 0.7 KZnF; 15 JIS3003 92 0
Example B15 3 20 0.05 0.8 KZnF; 8  JIS3003 131 0
Example B16 1.5 5 0.02 0.3 KZnF; 3 JIS3003 115 0
Example B17 1.5 10 0.05 0.35 KZnF, 5 JIS3003 100 0
Example B18 1.5 15 0.03 0.4  KZnF; 15 JIS3003 90 0
Example B19 1.5 20 0.02 0.4  KZnF; 10 JIS3003 92 0
Remark:
D owse denotes particles having a diameter of 5 times (Dgg) or more.
TABLE 3
Number of
Si powder Maximum corrosion
Amount  Amount Flux corrosion  having a depth
Amount Dyy  0ofDpppee of Amount depth of 120 pm or
(gm?)  (um) (ppm)  Dso/Dgg Composition  (g/m?) Fin (nm) more
Example B20 1.5 20 0.02 0.4  KZnF, 10 JIS3003 92 0
Example B21 1.5 10 0.05 0.35 KZnF; 20 JIS3003 80 0
Example B22 2.5 15 0.03 0.4  KZnF; 20 JIS3003 78 0
Example B23 2.5 5 0.02 0.3  KZnF; 5 JIS3003 110 0
Example B24 3 5 0.02 0.3  KZnF, 15 JIS3003 97 0
Example B25 4.5 5 0.02 0.3  KZnF; 3 JIS3003 110 0
Example B26 4.5 10 0.05 0.35 KZnF; 5 JIS3003 88 0
Example B27 4.5 15 0.03 0.4  KZnF; 10 JIS3003 90 0
Example B28 4.5 20 0.02 0.4  KZnF, 15 JIS3003 80 0
Example B29 4.5 15 0.03 0.4  KZnF; 20 JIS3003 85 0
Example B30 2 15 0.03 0.4  KZnF; 20 JIS3003 80 0
Example B31 2 20 0.02 0.4  KZnF, 10 JIS3003 90 0
Example B32 3 15 0.03 0.4  KZnF; 14 JIS3003 87 0
Example B33 3.5 5 0.02 0.3  KZnF; 20 JIS3003 81 0
Example B34 3.5 10 0.05 0.35 KZnF; 10 JIS3003 88 0
Example B35 3.5 15 0.03 0.4  KZnF, 3 JIS3003 115 0
Example B36 4 10 0.05 0.35 KZnF; 3 JIS3003 110 0
Comparative Bl 3 2 0.05 0.3  KZnF; 2 JIS3003 140 not measured
Comparative B2 5 30 0.01 0.4  KZnF; 1.7 JIS3003 185 not measured
Comparative B3 2 10 1 0.35 KZnF, 4 JIS3003 160 not measured

Asshownin Table 2, 3, in each of the tubes of Examples B1
to B36 brazed with the fins, numbers of generation of corro-
sion pits having a depth of 120 pm or more were 20 or less.
That is, practical corrosion protection effect was ensured.

In the Comparative Examples B1 to B3, maximum depth of
corrosion was 140 um or more. Since the unsatisfactory cor-
rosion protection was obvious, numbers corrosion pits having
a depth of 120 um or more were not measured in the Com-
parative Examples B1 to B3.

In the Comparative Example B1, granulation occurred
because of small (Dy,). In addition, amount of Zn containing
flux was small. As a result, maximum corrosion depth had a
large value of 140 um.

In the Comparative Example B2, aggregation occurred
because of large (Dy,). In addition, amount of Zn containing
flux was small. As a result, maximum corrosion depth had a
large value of 185 um.

As described in detail above, in the heat exchanger tube
precursor of the present invention, since the mixture of the Si
powder and the Zn-containing flux is applied, the Si powder
melts and turns into a brazing liquid during a brazing process,
while Zn contained in the flux is diffused uniformly in the
brazing liquid and is distributed uniformly over the tube sur-
face. Since diffusion velocity of Zn in a liquid phase such as
the brazing liquid is significantly higher than diffusion veloc-
ity in a solid phase, Zn concentration in the tube surface
becomes substantially uniform, thus making it possible to
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form a uniform sacrificial anode layer and improve the cor-
rosion resistance of the heat exchanger tube.

Since the amount of the Zn-containing flux is in a range not
less than 5 g/m? and not more than 20 g/m® Zn can be
distributed uniformly over the tube surface.

In addition, by controlling the particle diameter distribu-
tion of the Si powder, it is possible to form uniform distribu-
tion of Zn on the tube surface even when the amount of Zn
containing flux is 3 g/m? or more and 20 g/m> or less.

Examples C

Multi-bore (Multi-port) extruded tubes each having a
dimension of 1.5 mm in height, 14 mm in width, 500 mm in
length, and 0.4 mm in wall thickness were produced by extru-
sion of aluminum alloy having a composition of Al-0.3%
Si-0.3% Fe-0.3% Mn-0.05% Ti. 39 tubes were prepared.
Coating in an amount of 9.5 g/m” of powdered brazing com-
position containing a Si powder, a KZnF; flux, a Zn-free flux,
such as KAIF,, KAIF, K,AlFS.H,O, AlF;, and the like, an
acrylic resin binder was applied on the surface of each tube,
where fraction of each component was controlled such that Si
powder:KZnF, flux:acrylic resin=2.6:5.7:1.2 (g¢/m?).

After application of the coating material on the Al alloy
tube, the heat exchanger tube precursors were kept in two
different conditions. One condition is the normal condition,
and they were kept in normal room temperature (about 25°
C.) and normal humidity (30 to 60%) for 7 days. Other is the
stringent condition, and they were kept in a condition where
the temperature is 40° C. and humidity is 98% for 7 days.
After the storage period, each tube was assembled with head
and fin portions and subjected to heating for brazing at 600°
C. for 2.5 minutes in a furnace of nitrogen atmosphere.

After brazing treatment, the header pipe and fin portions
were disassembled from the heat exchange tube in order to
observe the top surface of the tubes.

FIG. 3 is photographic images of heat exchangers showing
time degradation of the coating material. The coating material
was applied on the Al alloy tube. Then, the heat exchanger
tube precursors were left in conditions indicated on top. Then,
heat exchangers were assembled and subjected brazing treat-
ment. Header pipes and fin were disassembled to observe the
top surface of the brazed tubes. The bright area indicates the
area the Si powder is melted properly and the dark area
indicates the area that the coating material was deteriorated.
In the area, the Si powder was not melted. The fine vertical
lines correspond to the part fin portions being attached.

In the heat exchanger tubes stored in the normal condition,
the Si powder was properly melted, Zn was diffused properly,
and corrosion-resistance was obtained in the entire surface of
the tubes regardless of the Zn-free flux contents. However,
when the heat exchanger tubes were stored in the stringent
condition, time degradation of the coating materials was
observed.

Dark areas not observed in the normal condition appeared
on some of the heat exchanger tubes stored in the stringent
condition. The largest dark area was observed in the heat
exchanger tube applied with a coating material not including
the Zn-free flux content (compare two images on the top row).

The dark area decreased when the Zn-free flux was added.
When the Zn-free flux content was increased to 5 g/m?, the
surface covered by the localized dark area is decreased.

The result indicates that time degradation of the coating
material can be suppressed by including both the Zn-free flux
and the Zn-containing flux in the coating material even if the
tubes were stored under a stringent condition (a higher tem-
perature and a higher humidity).
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While preferred embodiments of the invention have been
described and illustrated above, it should be understood that
these are exemplary of the invention and are not to be con-
sidered as limiting. Additions, omissions, substitutions, and
other modifications can be made without departing from the
spirit or scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the
appended claims.

What is claimed is:

1. A heat exchanger tube precursor comprising: an Al alloy
tube; and a flux layer including a Si powder, a Zn-containing
flux, a Zn-free flux, and a binder, the flux layer being formed
on an outer surface of the Al alloy tube,

wherein the Si powder has a particle diameter distribution

such that 99% particle diameter (Dg) is 5 pum or more
and 20 pum or less, and an amount of coarse particles
having diameters of not smaller than 5 times (D) is less
than 1 ppm by volume, wherein (D) denotes a critical
diameter defined such that cumulative volume of par-
ticles not larger than (D) constitute 99% by volume of
all the particles,

an amount of the Si powder applied on the Al alloy tube is

in a range of 1 g/m? to 5 g/m?,

an amount of the Zn-containing flux applied on the Al alloy

tube is in a range of 3 g/m? to 20 g/m?, and
50% particle diameter (D5, ) of the Sipowder is (Dgg)x0.05
or more and (Dy4)x0.7 or less, (Ds,) denoting a critical
diameter defined such that cumulative volume of par-
ticles not longer than (D) constitute 50% by volume of
all the particles.
2. The heat exchanger tube precursor according to claim 1,
wherein the Zn-containing flux contains at least one selected
from ZnF,, ZnCl,, and KZnF;.
3. The heat exchanger tube precursor according to claim 1,
wherein the Zn-free flux contains at least one selected from
LiF, KF, CaF,, AlF;, SiF,,, KAIF,, and KAIF,.
4. The heat exchanger tube precursor according to claim 1,
wherein the Al alloy tube is constituted of an alloy containing
Si0f0.05% or more and 1.0% or less by weight, Mn 0£0.05%
or more and 1.2% or less by weight, and the balance being
consisting of Al and inevitable impurities.
5. A method of producing a heat exchanger tube precursor,
the method comprising the steps of:
classifying a pre-classification Si powder to obtain a post-
classification Si powder in which 99% particle diameter
(Dgy) is 5 um or more and 20 pm or less, an amount of
coarse particles having diameters of not smaller than 5
times (Dy) is less than 1 ppm by volume, and 50%
particle diameter (D) of the Si powder is (Dg)x0.05 or
more and (Dgg)x0.7 or less;
preparing a coating material including the post-classifica-
tion Si powder, a Zn-containing flux, a Zn-free flux, and
a binder; and

applying the coating material on an Al alloy tube, wherein
an amount of the Si powder applied on the Al alloy tube
is in a range of 1 g/m* to 5 g/m?, an amount of the
Zn-containing flux applied on the Al alloy tube is in a
range of 3 g/m? to 20 g/m?, (D) denotes a critical
diameter defined such that cumulative volume of par-
ticles not larger than (D) constitute 99% by volume of
all the particles, and (Ds,) denotes a critical diameter
defined such that cumulative volume of particles not
larger than (Ds,) constitute 50% by volume of all the
particles.
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6. The method of producing a heat exchanger tube precur-
sor according to claim 5, wherein the Zn-containing flux
contains at least one selected from ZnF,, ZnCl,, and KZnF;.

7. The method of producing a heat exchanger tube precur-
sor according to claim 5, wherein the Zn-free flux contains at 5
least one selected from LiF, KF, CaF,, AlF;, SiF,,, KAIF,, and
KAIF,.
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